The status of a new evaluation of astrophysical nuclear reaction rates, referred as NACRE-II, is reported. It includes 19 radiative capture and 15 transfer reactions on targets with mass numbers A < 16. This work is meant to supersede the NACRE compilation. Post-NACRE experimental data are taken into account. Extrapolations of the astrophysical S-factor to largely sub-Coulomb energies are based on the use of the potential model and of the distorted wave Born approximation (DWBA) for capture and transfer reactions, respectively. Adopted rates and their lower and upper limits are provided. Here, we illustrate with some results the general procedure followed in the construction of NACRE-II.
Introduction
The NACRE-II compilation project started in 2004 through a collaboration between the Institut d'Astronomie et d'Astrophysique of the Université Libre of Brussels and the Physics Department of the Konan University. Its aim is twofold. The first one is to update the 1999 NACRE compilation 1 of 86 charged-particle induced reactions on mostly stable targets with Z ≤ 14 with experimental data made available after 1999. The second one is to put more emphasis than in NACRE on the theoretical extrapolation of the reaction cross sections to the very low energies of astrophysical relevance which are still, except in a few cases, out of reach of laboratory capabilities. More specifically, the 19 capture and 15 transfer reactions on mass numbers A < 16 nuclei covered by NACRE-II are analyzed with the help of the potential model and of the DWBA, respectively. These models are simple but trustworthy for the considered reactions most likely dominated by a direct (rather than a compound nuclear) contribution at very low energies. The experimental data in the higher energy range are used to supplement the model fit. Some preliminary NACRE-II results have already appeared in various places, [2] [3] [4] and the final publication is expected to come out early 2012.
Some results for radiative capture reactions
The potential model treats radiative captures in a perturbation approach. The overlap integral sandwiches the electromagnetic operator between the initial scattering and the final bound states. The wave functions are obtained by solving the Schrödinger equation with suitable potentials. We adopt the real Woods-Saxon form for the nuclear part. The depth, diffuseness and radius of the initial and final potentials are the adjustable parameters. We reduce the number of parameters by adopting the same values of the radii and of the diffuseness parameters for the initial (scattering) and the final (bound) states. In addition, the depth of the final potential is chosen so as to reproduce the separation energy of the captured particle, leaving the initial potential depth and the spectroscopic factor as the adjustable parameters. Figs. 1 
Some results for the transfer reaction
The one-step DWBA is the general approach we adopt to estimate direct particle transfer reactions. The transition amplitude is obtained as a double integral over the distorted wave functions of the entrance and exit channels. They sandwich the form factor which carries the nuclear structure information and is expressed as a function of the inner coordinate. The zero-range approximation is adopted for the computation of the cross sections far below the Coulomb barrier. We choose an optical potential of the Woods-Saxon type with surface absorption for the entrance channel. Real Woods-Saxon potentials are used for the exit channel and the interaction between the core and the transferred particle. To minimize the number of parameters, we generally fix the potential radius and diffuseness to some representative values. The depth of the potential for the transferred particle is determined so as to reproduce the observed separation energy. The adjustable parameters are thus the potential depths for the entrance and exit channels and the spectroscopic factor once the zero-range strength is given. The results obtained for 15 N(p,α) 12 C are displayed in Fig. 3 .
Summary
In summary, NACRE-II contains 19 capture and 15 transfer reactions on targets with mass numbers A<16. In its published version, the following will be provided for each reaction: (1) the full list of the pre-and post-NACRE references through 2010 (preferentially in refereed journals) from which the adopted experimental data are extracted, (2) a documented procedure of evaluation of these data, and the potential model or DWBA extrapolation of the S-factors with uncertainties, (3) the recommended rates and their lower and upper limits, presented in tabular form for temperatures in the 10 6 ≤T≤10 10 K range, and (4) a comparison with the NACRE reaction rates.
